The welfare dimension of the recreational services provided by global coastal ecosystems is examined through a meta-analytical regression based valuation approach. First, we construct a global, state-of-the-art database of stated and revealed preference estimates on coastal recreation, which includes also the grey literature and with the latest entry updated to February 2010. Second, the profile of each of the 253 observations of our dataset, which correspond to individual value estimates, was further enriched with characteristics of the built coastal environment (site accessibility, anthropogenic pressure, level of human development), characteristics of the natural coastal environment (presence of protected area, type of ecosystem, and marine biodiversity richness), geo-climatic factors (temperature and precipitation), as well as sociopolitical characteristics, such as the political stability index. In this context, the proposed meta-analytical valuation exercise explores the spatially explicit dimension of the values building upon Geographic Information System (GIS) tools.
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Introduction
The sustainable management of recreational activities is of increasing importance for the stewardship of the natural capital in coastal areas worldwide. Coastal tourism and recreation have dramatically increased over the past decades becoming a primary contributor to the gross domestic product (GDP) of several countries and well-being of large coastal populations. On the other hand, tourism and recreation-related development are among the principal causes of conversion and degradation of coastal habitats such as forests, wetlands and coral reefs. Together with nutrient pollution, habitat conversion is the main anthropogenic threat to the capacity of coastal ecosystems to sustain the provision of services, including support of tourism and recreation (Millennium Ecosystem Assessment 2005) . Analysis of the current trends indicates that the impact of both nutrient pollution and habitat conversion will substantially increase in particular in developing countries, where coastal tourism is often among the primary economic development strategies.
From an economic perspective, sustainable management strategies for coastal tourism and recreation are founded on a thorough assessment of their value in the relevant policy context. In this context, the economic valuation of recreational activities is a particularly challenging undertaking. Recreationally oriented activities taking place in the coastal zone include both extractive (e.g., hunting, fishing, and shellfishing) and non-extractive uses (e.g., swimming, sun-bathing, boating, windsurfing, bird-watching, snorkeling, and diving). The true welfare impact of these activities is for a large part not reflected in market transactions or remains out of the scope of most analyses because embedded in related markets. A series of valuation techniques capable of capturing such values has been developed over the past decades, some based on the observation of the actual consumption behavior of recreationists, such as the travel cost method (Bockstael et al. 1991) , others relying on the response to changes in hypothetical markets, such as the contingent valuation (Mitchell & Carson 1989) and contingent behavior methods (Hanley et al. 2003) .
Although the number of applications of such techniques to coastal recreation is rapidly growing, non-market valuation studies typically have a limited geographical scope and are restricted in the range of socio-economic contexts that they consider.
Value transfer techniques are an attractive option for policy-makers facing pressing time and budget constraints when reliable primary valuation data are absent.
Value transfer makes use of results from earlier empirical studies and applies their conclusions -according to a well-codified set of rules -to a policy site that differs from that of the study for which the values were originally estimated (Boyle & Bergstrom 1992; Florax et al. 2002; Nijkamp et al. 2008) . Since local characteristics such as the accessibility of a site to potential users are crucial in determining the extent of coastal tourism and recreation, value transfer is particularly challenging when study and policy sites are located in different geographic and socio-economic contexts. This is because valuation studies generally focus on a single site or group of sites within a homogeneous context and such dependence from the context is left implicit in the analysis (Liu et al. forthcoming) . Meta-analysis is the only tool available in value transfer to distinguish between phenomenon-intrinsic factors and context-specific factors, including the valuation method used in the primary valuation study (Florax et al. 2002) . Meta-analysis has been applied to the valuation of coastal ecosystems, but with a restricted focus on a specific ecosystem type, i.e., coral reefs (Brander et al. 2007 ), or valuation method, i.e., contingent valuation (Liu & Stern 2008) , and relying on a relatively small sample of value observations. Furthermore, such meta-analyses rely on a substantial simplification of the geographic context that underpins the provision and fruition of the coastal ecosystem services and no attempt is made to scale up the results to support strategic policy planning and evaluation in a larger geographical setting than the case-by-case value transfer.
In this study, a comprehensive framework meta-analytical transfer of the value of recreational activities is developed and applied to produce a global map of coastal recreation values. The structure of the paper is as follows. Section 2 presents the global valuation dataset created for the present exercise, identifies the moderator variables as well as describes the methodology for integrating spatially explicit information in the analytical framework. Section 3 puts forward the meta-regression models and discusses the underlying econometric estimation results. Section 4 defines the procedure for value transfer and scaling up, provides the global map of coastal recreation values and discusses the accuracy of the transferred values. Section 5 concludes.
Preparation of a global dataset
Primary values of coastal recreation
The analysis in this paper relies on a global data set of non-market valuations of the cultural services of coastal and estuarine ecosystems, which is described in more detail elsewhere (Ghermandi et al. forthcoming) . For the present investigation, we work with 253 distinct value observations from 79 primary valuation studies, all associated to geo-referenced information regarding the valued sites and the contextspecific moderator variables of the meta-analytical value transfer model. The main characteristics of the valuation studies and the location of the valued sites are summarized in Table 1 . The investigation was not limited to peer-reviewed scientific publications but also explored "grey literature", which include unpublished working papers, reports for both public and private institutions, and constitutes 40% of the primary valuation studies of our dataset. The geographic extent of each of the valued coastal ecosystems was characterized in a spatially explicit manner by means of GIS tools. For each of the sites, a linear shapefile (polyline) of coastline was created, which features the shoreline path as identified based on remote sensing Landsat imagery accessed through Google Earth (http://earth.google.com). Table 1 shows the range of coastline length of the valued sites calculated as the length of the polyline features (see also Figure 3 ). Johnston et al. 2002; Lipton 2004; Marangon et al. 2002; Scherrer 2003; Whitehead et al. 2000 b Ballance et al. 2000; Bateman et al. 2001; Blackwell 2007; Chen et al. 2004; Choe et al. 1996; Dharmaratne et al. 2000; Hanley et al. 2003; Judge et al. 1995; King 1995; Kosenius 2004; Landry et al. 2003; Lee & Han 2002; Machado & Mourato 1999; McConnell 1986; Mourato et al. 2003; Nunes & van den Bergh 2004; Oh et al. 2008; Parsons et al. 2009; Pitt 1997; Saengsupavanich et al. 2008; Whitehead et al. 2008a c Ahmed et al. 2007 Arin & Kramer 2002; Asafu-Adjaye & Tapsuwan 2008; Bhat 2003; Carr & Mendelsohn 2003; Casey et al. 2010; Cesar 2003; Cesar & van Beukering 2004; Dharmaratne et al. 2000; Edwards 2009; Kragt et al. 2006; Leeworthy & Bowker 1997; Nam & Son 2004; Ngazy et al. 2005; Park et al. 2002; Parsons & Thur 2008; Ransom & Mangi 2010; Reid-Grant & Bhat 2009; Seenprachawong 2003; van Beukering 2006; Wielgus et al. 2003; Yacob et al. 2009 d Anderson & Edwards 1986; Espinoza 2001; Klein & Bateman 1998; Marangon et al. 2002; Rudloff et al. 1997; Seguì-Amórtegui 2004; de Groot & Velthuijsen 1998 e Adamson-Badilla & Castillo 1998; Ramdial 1980 f Araña et al. 2001; Bergstrom et al. 2004; Cantrell et al. 2004; Costanza & Maxwell 1989; Curtis 2003; Eggert & Olsson 2003; Flachaire & Hollard 2006; Fleming & Cook 2007; Hausman et al. 1995; Kawabe & Oka 1996; Marikan & Radam 2006; Martínez Paz et al. 2009; Péronnet et al. 2003; Prayaga et al. 2009; Rosato & Defrancesco 2002; Rowe et al. 1985; Sandström 1998; Signorello 1998; Söderqvist & Scharin 2000; Thomas & Stratis 2002; Walpole et al. 2001; Whitehead et al. 2008b; Zeybrandt & Barnes 2001 Valued ecosystems in the data set are located in 34 countries, most observations being concentrated in North America, Europe, South-East Asia, and Australia. The USA contribute 82 observations to the data set (32% of the total). Parity indexes provided by the Penn World Table (Heston et al. 2006) . Figure 2 presents the distribution of the standardized per-hectare values of coastal recreation. 
Moderator variables selection and a priori expectations
To select the moderator variables to be included in the meta-regression model we were directed by the theoretical and empirical guidelines provided by the valuation literature and previous meta-analyses of ecosystem services values. We expect study-, site-, and context-specific characteristics to affect the value estimates in the primary valuation studies. The selected moderator variables are summarized in Table 2 .
Regarding study-specific characteristics, Bateman & Jones (2003) Two dummy variables identifying choice experiment and contingent behavior estimates are included in the meta-regression model as well, although there is no clear a priori expectation on how such estimates will compare with other methods. In addition to method-specific variables, we included a set of binary variables to characterize the direction of the valued environmental change (i.e., either degradation or improvement) or whether the estimate refers to the total CS experienced at the current status or a WTP to maintain the current status. The extent of environmental change could not be included in quantitative terms since it is often only qualitatively described in the original studies.
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A variable identifying whether the value estimates stems from a peer-reviewed publication -i.e., a scientific journal or edited book -or an unpublished report or thesis was included as well. The rationale here is to test whether the effect size measure is correlated with the publication status, thus providing empirical support for the existence of a publication bias in the valuation literature (Hoehn 2006; Woodward & Wui 2001) . Finally, the number of years elapsed since the first survey in the dataset was performed in 1974 was included in order to test whether values change over time, possibly due to shifts in consumers' preferences.
Site-specific characteristics are expected to affect value estimates in a variety of ways. A binary variable is included to distinguish sites that are identified as coastal or marine protected areas in the World Database on Protected Areas (www.wdpa.org) or that include one such area. There is no clear expectation on the sign of the coefficient of such variable since while on one hand protected areas are presumably of high ecological or cultural value, the protection status of such sites may, on the other hand, limit the type and extent of permitted recreational activities. Since different ecosystem types are likely to have different attractiveness for recreational purposes, we distinguish seven ecosystem type categories: sandy beaches, coral reefs, mangroves, lagoons, coastal marshes 3 , estuaries, and other coastal ecosystems. The latter mainly includes mixed coastal areas where no prevailing ecosystem type can be identified.
Finally, two main types of recreational activities are considered: recreational fishing and non-extractive recreation. Since the two services are not mutually exclusive, i.e., one value observation may pertain to both service types, no reference category is defined for ecosystem services in the analysis. For this reason, the observations reported in Table 2 for the ecosystem service variables do not add up to 253.
The context characteristics accounted for in the meta-regression model reflect the level of anthropogenic pressure which they are exposed to, level of human development in the surrounding areas, their richness in marine biological diversity, climatic characteristics, and the socio-economic and demographic context in which the valued sites are located. Various studies show that high water quality is correlated to the value of the recreational experience for activities such as recreational fishing and bathing (Anderson & Edwards 1986; Choe et al. 1996; Eggert & Olsson 2003; Kawabe & Oka 1996; Whitehead et al. 2000; Huang et al. 1997; Hanley et al. 2003; King 1995) . The anthropogenic pressure on water quality is captured in the model by the concentration of nutrients in the surrounding of the valued site. The presence of healthy coastal habitats (Hausman et al. 1995; Sandström 1998; Söderqvist & Scharin 2000; Nunes & van den Bergh 2004; Pitt 1997; Rudloff et al. 1997; Kragt et al. 2006) and the richness and variety of living organisms (Bhat 2003 
A spatial explicit meta-analytical valuation method
An important trait of this study is its contribution to the field of spatial economic valuation through the explicit inclusion of spatial heterogeneity both in a metaregression function and value transfer. Although ecosystem service flows are inherently of a spatial nature, value transfer generally fails to satisfactorily capture how differences in the socio-economic and geographic spatial context may result in different value flows in the study and policy sites (Bateman et al. 2002) . Non-spatial per-hectare or per-household point estimates are assumed appropriate to characterize the entire ecosystem under consideration but fail to assess the distribution of values over the investigated natural asset (Eade & Moran 1996) . Most previous attempts to incorporate GIS analysis in value transfer consist in mean or site-to-site unit value transfer methodologies which are applied to land use/land cover classes maps to 
The meta-regression model
The meta-analytical model for the regression of values is specified as follows: (valuation study characteristics), X S (site characteristics), and X C (context characteristics); u is an error term that is assumed to be well-behaved. The model is semi-logarithmic with exception of several context variables which are included as in logarithmic form (see Table 2 ).
To ensure that the econometric results are robust to changes in the model assumptions, four alternative specifications are considered. Model A includes all moderator variables and observations. The standard error is calculated with HuberWhite/sandwich estimators, which are robust to modest departures from normality and homoskedasticity of residuals. All observations are assumed to be mutually independent. Model B relaxes the assumption on independent observations by addressing the potential correlation between multiple estimates from one study.
Observations are weighted in such a way that each primary valuation study receives equal weight in the meta-regression. This allows to control that the studies producing many observations will not overly influence the results. 5 This approach was chosen over alternative techniques because it has the advantage of not discarding any observation from the complete set (Matt & Cook 1994) ..Model C is designed to address issues with heteroskedasticity of effect-size variances, a frequent concern in the use of meta-analysis in environmental economics (Nelson & Kennedy 2009 ).
Non 5 The largest number of observations from one study in the data set is 15 (Whitehead et al. 2008a ).
Estimation results
The results obtained with the different specifications of the meta-regression model are presented in Table 3 Bay in Jamaica, Zanzibar in Tanzania), which do not necessarily reflect the attractiveness to international tourists of other, less renowned coastal sections. We suggest that the study of differences in the preferences of local and foreign tourists is a key area for future investigation. Significance is indicated with ***, **, and * for 1%, 5% and 10% statistical significance levels respectively; a All 253 observations are retained in the regression, but weighted so that each of the 79 studies receives weight 1.
The robustness of the regression results presented in Table 3 
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Scaling up coastal recreation values
Value transfer approach
The first step in the procedure for meta-analytical value transfer and scaling up proposed in this study consists in selecting the meta-analytical transfer function among the four different specifications described in Section 3. The most promising model -i.e., the model with the best overall explanatory power and the highest consistence with the theoretical and empirical expectations -is identified and the value of the regression coefficients in equation (1) is determined accordingly.
Second, one must define the appropriate geographic scale for transferring values.
A priori, the sole technical limitation on the geographic resolution of the GIS-based value transfer exercise is the highest resolution among the GIS layers representing spatially explicit moderator variables (i.e., about 1 km grid cell size in this study).
Before selecting an appropriate scale, however, one must first question the purpose of the transfer exercise and the degree of approximation that is considered acceptable.
Recreational benefits in a specific coastal site are expected to be particularly sensitive to local conditions, such as the presence of infrastructure (e.g., access roads, hotels and other accommodation, diving facilities, etc.) and the proximity of sites with similar characteristics that may act us substitutes in the provision of recreational services. Capturing such level of details is beyond the scope of the present study since it requires much more detailed layers of spatial information for the moderator regression variables and conceivably the introduction of additional ones.
Acknowledging the limitations in data availability, a more appropriate objective for the transfer exercise is to investigate the distribution of values along world coasts at a lower spatial resolution. For the present study we demonstrate the application of the value transfer function to produce a raster map of coastal values with a resolution of 0.5 degrees (corresponding to about 55 km at the Equator), an extension comparable with a regional scale assessment 6 . This approach retains the strength of the GIS-based transfer technique to provide a spatial differentiation of values which is not dependent on super-imposed levels of aggregation, such as aggregation at administrative level, and at the same time is more in accordance with the level of detail in the geographical information that is available for the proposed large scope application.
After assigning the geographic scale for value transfer, each of the coastal grid cells of the raster map is treated as a policy site, to which values are transferred by estimating the value of the transfer function by means of map algebra. To achieve this, the value of the moderator variables in all coastal locations and at the required scale must be accessed. A series of layers representing each representing one of the geo-referenced variables of the equation (i.e., GDP per capita, population density, human development, anthropogenic pressure, accessibility, marine biodiversity, and degree heating months), were prepared with consistent projection, spatial resolution and extension. The original layers were re-projected in the geographic coordinate system WGS1984 and converted to raster layers with a cell dimension of 0.5 degrees.
Global map of coastal recreation values
For the purpose of transferring and scaling up values, the regression coefficients of meta-regression Model A were recalculated, including only the statistically significant variables in the regression. The results are shown in Table 4 . The explanatory power of the model, the sign and significance of the coefficients remain unchanged with respect to the full Model A. In applying the calibrated transfer equation to the new policy sites, the values of spatial variables was determined based on the procedure described in Section 4.1 non-spatial variables, conservative estimates were assumed.
The valuation outcome of CV studies using elicitation formats other than open-ended and the results of unpublished studies were assumed as the benchmark. The reference year for the value transfer was chosen to be 2009. Since any grid cell in the map is likely to reflect a composite of ecosystem types at the chosen geographic resolution (0.5 degrees), a mix of different ecosystem types was assumed in the transfer function. For ecosystem service types, for which we have no information at the level of the policy sites, we assume that they have the average characteristics of the study sites underlying the meta-analysis. 
Scaling up accuracy
The accuracy and reliability of value transfer depend upon how representative the dataset of study sites is of the characteristics of the set of policy sites: The greater the correspondence, or similarity, between study and policy sites, the smaller is the error in benefit transfer (Rosenberger & Stanley 2006) . Although the dataset of coastal recreation provides a wide domain upon which to fit the transfer function, the variability in the explanatory variables is insufficient to cover the range of variability at the global level. This is illustrated in Figure 5 , were the range in the spatial explanatory variables in the dataset is compared to the variation found in the grid cells of the world map. Values were standardized to range between 0 and 100. Coastal areas located in countries with very low GDP per capita, population density, and accessibility are not properly represented in the dataset. This implies that the map estimates should be applied with caution to remote areas such as those located at high latitudes or in the poorest countries. Similarly, sites with high accessibility and anthropogenic pressure are underrepresented, which suggests that the values of coastal recreation in areas of high urbanization and development may not be properly captured in the global map. This is the case, for instance, of the Capricorn Coast in Australia, the coast of Namibia and Tokyo Bay in Japan, where values differ substantially according to error for out-of-sample forecast using the n-1 data splitting technique is 14% and 29% lower for the meta-analytical value transfer than for unadjusted transfer of respectively the mean value of domestic studies and the mean of all observations in the dataset. In other words, MAPE and GMAPE are substantially lower for meta-analytical value transfer than for mean value transfer. This confirms the overall good performance of the value transfer model. For more information see the Technical Annex. 
Conclusions
In this study we present an integration of meta-analysis of ecosystem services valuations and GIS analysis applied to the assessment of the recreational values of coastal ecosystems. The meta-analysis relies on a dataset of 253 distinct value observations that is larger in scope and size than any that has been pulled together previously. From a methodological perspective, this study contributes to the emerging field of the spatial economic valuation of ecosystem services by fully integrating GIS tools and geo-referenced information in the meta-analytical model. GIS analysis was used at three distinct levels: (1) for the characterization of the study sites by creating shapefiles of the valued ecosystems; (2) for the determination of the value of the siteand context-specific spatial variables of the meta-regression in each of the study sites;
and ( Despite the good performance of the model, the challenges of meta-analysis and value transfer with international primary data should not be understated. One important limitation of the analysis is that it relies on a global sample values estimated within a limited sample of primary valuation studies, which may be subject to a selection bias. A selection bias arises, for instance, when ecosystems that are politically perceived more significant a priori are more likely selected for economic valuation or simply because the study area is close to the research group conducting the valuation study measure (Hoehn 2006; Woodward & Wui 2001 
Technical Annex
The . For log-normal distributions, it is an intuitively understandable accuracy measure which is not sensitive to the direction of error.
MASE is the mean absolute value of scaled errors. The scaled error is a relative measure that compares the model forecast error with the in-sample mean absolute error committed using a baseline forecast method (Hyndman & Koehler 2006) . Here, we assume the transfer of the unadjusted average unit value of all domestic observations as the baseline method. This method was found by Lindhjem & Navrud (2008) to produce lower transfer errors than meta-analysis in an international value transfer exercise. The scaled error is thus defined as where i y is the arithmetic mean of the value estimates from the country where observation i is located. A value of MASE lower (higher) than unity indicates that the meta-analytical model is more (less) accurate than the baseline method. To guarantee a certain degree of variation in the domestic estimates, for the calculation of the error we consider only the 23 countries in the dataset with three or more observations. Table A1 shows the values of the selected summary measures of accuracy for the model specification in Table 4 . Both within and out-of-sample error is presented. Insample errors are calculated for each observation based on the residuals of the regression model on the parameters calibrated on the entire set of observations. Outof-sample forecasts are produced relying on the N-1 data splitting technique, which consists in generating parameters estimates with N-1 observations and forecasting the omitted observation. Out-of-sample forecast error has been proposed as a test of the reliability of benefit transfer techniques (Brander et al. 2006; Lindhjem & Navrud 2008) . Figure A1 shows the distribution of out-of-sample forecasts compared to the observed values and the relative values of absolute error in I$/ha/year for all observations. The error analysis confirms the generally good forecast performance of the model. (2006) in a meta-analysis of wetland studies (MAPE = 58% after removing one outlier). GMAPE produces a measure that is much less susceptible to the extreme value from the Prayaga et al. (2009) study, estimating the mean in-sample error for the entire dataset to 16.8%, a value that is very close to the median absolute percentage error (18.4%). As expected the forecast performance of the model decreases slightly for out-of-sample predictions, the value of MAPE and GMAPE increasing respectively to 32.1% and 18.2%. Both for within sample and out-ofsample predictions, the absolute percentage error is dependent from the size of the predicted value, higher errors occurring for values that are close to zero. For in-sample forecasts, the average percentage errors in the lowest and highest quartiles of the value series are respectively 64.1% and 15.7% and the correlation coefficient for value size and absolute percentage error is -0.60 (p-value < 0.001). The value of MASE is lower than unity indicating that the meta-analytical transfer performs on average better than the unadjusted transfer of the mean value of domestic estimates. Such result contradicts the finding of Lindhjem & Navrud (2008) , who questioned that meta-analytical value transfer is more reliable in international value transfer exercises. Following Brouwer & Bateman (2005) , we interpret this result as suggesting that meta-analytical value function transfer outperforms mean value transfer when transferring across dissimilar contexts since it is capable to partially adjust for the differences. MASE is lower for out-of-sample forecasts (MASE = 0.74) than for within sample predictions (MASE = 0.77) indicating that the better performance of meta-analytical value transfer is more marked in conditions that are more similar to real transfer exercises. The average absolute errors in the domestic mean value transfer are 4,887 I$/ha/year and 5,332 I$/ha/year respectively for within and out-of-sample forecasts. MAPE and GMAPE are very large for the domestic mean value transfer due to substantial percentage errors in low value forecasts. Both meta-analytical value transfer and domestic mean value transfer outperform the simple transfer of the mean value of the estimates in the dataset, which would lead to an absolute error of 6,527 I$/ha/year for out-of-sample forecasts.
